reported that a species of Cephalosporium isolated from the sea near Sardiniaproduced a substance that inhibited the growth ofa number of Gram-positive and Gram-negative bacteria. The production of antibacterial substances by the same Cephalosporium has recently been studied in this laboratory and in the Antibiotics Research Station of the Medical Research Council at Clevedon (Crawford, Heatley, Boyd, Hale, Kelly, Miller & Smith, 1951) . This paper describes the isolation and some of the properties of members of one group of antibiotics obtained from active culture filtrates of the organism.
At an early stage of the present work it was found that some culture fluids contained at least two kinds of antibacterial substance, one of which could readily be extracted into butyl acetate from a weakly acid solution while the other was insoluble in common organic solvents. The active material in the ester-soluble fraction, with which this paper is concerned, was called cephalosporin P. The remaining water-soluble substance, which was discovered independently at Clevedon, had quite different chemical and antibacterial properties. It was named cephalosporin N and will be the subject of a separate publication. Solutions of cephalosporin P inhibit the growth of Staphylococcus aureu8 but not ofSalmonella typhi, whereas cephalosporin N is active against both organisms. It is probable that the crude extracts prepared by Brotzu (1948) contained mainly cephalosporin N, while the material studied in earlier work at Oxford (Crawford et al. 1951) , which could be extracted by organic solvents, was cephalosporin P.
It has now been shown that crude cephalosporin P contains five acidic antibiotics. These Ritchie, Smith & Florey (1951) have shown that cephalosporin P1 is almost as active as aureomycin and terramycin against the staphylococcus in vitro, and that it is less toxic than these substances when given intravenously and can readily be obtained in the blood in bacteriostatic concentration. For (Heatley, 1944) , with Staph. aureus as a test organism, was used to follow the active substances.
The acidic cephalosporin P could be extracted almost completely from an aqueous solution at pH 6*5 into one-fifth of a volume of butyl acetate, and since the extract could be concentrated by distillation without loss of activity this procedure was used for removing the antibiotics from large batches of culture fluid. Re-extraction of cephalosporin P1 into aqueous solution in the form of a salt proved unsatisfactory, because the partition coefficient did not greatly favour the aqueous phase until the pH was raised to a value at which inactivation began to occur. A preliminary purification was therefore carried out by precipitations from mixed organic solvents, making use of the fact that the active material was very soluble in acetone, moderately soluble in dii8opropyl ether, and insoluble in hexane or light petroleum. The resulting material was then purified further by countercurrent distribution between solvents and by chromatography. Counter-current distributions were carried out in a solvent system composed of hexane-dii8opropyl ether-acetone -M -potassium phosphate, pH 6-0 (1 :03: 1: 1, by vol.), the lower phase being mobile. In this system the overall partition coefficient of the active material was close to unity. A distribution curve obtained with one batch of material, which had been subjected to fifteen transfers, is shown in Fig. 1 . Most of the activity was present in the central fractions, while most of the impurities were contained in fractions at either end of the series together with minor active components of the mixture.
With a few batches of culture fluid the material recovered from fractions 5-10 of the distribution was almost pure cephalosporin Pl, which could be crystallized directly from aqueous methanol. Of the relatively small amount ofremaining active material a high proportion of the total quantity of cephalosporin P3 was contained in fractions 14 and 15, while cephalosporin P5 was concentrated in fractions 0-5.
With most batches of culture fluid the most active material obtained by counter-current distribution needed further purification before it would yield crystalline cephalosporin P1 . This material was chromatographed from dii8opropyl ether on a column of Florisil (magnesium silicate). By The purest material in the main active band from the column behaved as though it were a single substance in an eight-transfer counter-current distribution. Fig. 2 shows the result of such a distribution, in which the experimental curve agrees closely with that expected for one substance with a partition coefficient of 1-05. Nevertheless, the material was not always homogeneous. On dissolving its main constituent, cephalosporin P1, in dii8opropyl ether, a small residue of less soluble material sometimes remained which consisted of cephalosporin P2 .
The purest preparation of cephalosporin P1 crystallized readily in needles from aqueous methanol. Cephalosporins P2 and P4 crystallized from the same solvent. Cephalosporin P1is readily soluble in most organic solvents, but sparingly soluble in light petroleum and in water. It is stable in organic solvents, or as the sodium salt at room temperature in aqueous solution at pH 7-0, but is slowly inactivated at pH 8-0 and rapidly at pH 9-6.
When tested by the cylinder-plate method against Staph. aureu8, cephalosporin P1 is nearly twice as active as helvolic acid.
Cephaloaporin P2. Crystalline cephalosporin P2, m.p. 1510 (micro block), gave the following results on analysis: C, 65-25; H, 8-5; C-CH3, 9-4; OCH3, 5-8; acetyl, 18-8; active hydrogen 0-8 %.
The substance is an acid readily soluble in ethanol, acetone, and butyl acetate, but much less soluble than cephalosporin P1 in diiwopropyl ether or benzene. When tested by the cylinder-plate method against Staph. aureus its activity was similar to that of cephalosporin P1.
Cephaloqporin Ps. This antibiotic was less stable than the other cephalosporins and was not isolated in the crystalline state. It is an acidic substance, readily soluble in most organic solvents, but sparingly soluble in water. It formed a white greasy solid with an activity against Staph. aureuasimilar to that of cephalosporin PL, but rapidly became inactive, brown-coloured, and insoluble in acetone, on standing in air.
Cephal,oporin P4. This acidic antibiotic formed light-fawn coloured crystals, m.p. 220-230' (micro block) after one recrystallization from aqueous methanol. It is readily soluble in acetone, but sparingly soluble in water or ether. In ethereal solution it lost no activity in 3 months at room temperature.
Inactivation of cephalo8porin P by a preparation of penicillina8e Early in the purification of cephalosporin P crude material extracted from the culture fluid was found to be inactivated by a sample of penicillinase prepared from a strain of Bacillus mubtilia by the method of Duthie (1944) . When purified cephalosporins became available the compounds P1, P2, P3, P4 and Pr were tested individually and found to lose activity in the presence of the same enzyme preparation.
Since the cephalosporins have no chemical relationship to penicillin it seemed unlikely that they would be inactivated by penicillinase itself. Crawford (1951) has now found that several strains of aerobic spore-forming organisms produce a substance able to inactivate cephalosporin P1, and that the amount of the substance in different culture fluids is not proportional to the amount of penicillinase. It may therefore be concluded that an impurity in the preparation of penicillinase is responsible for the inactivation of the cephalosporins. The inactivating agent, which is heatlabile and non-dialysable, appears to be an enzyme, or group of enzymes, and has provisionally been called P-cephalosporinase.
Behaviour of the cephalosporin8 on paper chronwtograms Cephalosporin P.. (Abraham, Callow & Gilliver, 1946) . Staphylococci that had become resistant to helvolic acid by growth in the presence of this substance were found to have also become resistant to cephalosporin P1. Conversely, organisms that were grown in the presence of cephalosporin P1 developed resistance to helvolic acid as well as to the cephalosporin. These proVoI. 50 171 perties suggest that the antibacterial activity of helvolic acid and cephalosporin P depends on a similar structural feature.
Cephalosporins P1 and P2, and helvolic acid (C32H440.), have rather similar molecular formulae.
Further information about the chemical nature of these substances will be given in a future publication.
EXPERIMENTAL
Method of isolation Extraction into butyl acetate. The filtered culture fluid, prepared at the Antibiotics Research Station, Clevedon, (Crawford et al. 1951) , was adjusted to pH 6-5 by the addition of lON-HCl and stirred for 5 min. with one-fifth of its volume of butyl acetate. The two phases were separated in a Sharples centrifuge. Over 95 % ofthe cephalosporin P was extracted into the organic solvent.
Concentration. The butyl acetate extract (40 1.) was concentrated in vacuo to 21. using a laboratory climbing-film still (Van Heyningen, 1949) . Lessthan 5 % of the activitywas lost in this operation. The concentrate was then reduced to 200 ml. by distillation in vacuo (bath temperature 550) from a 51. flask.
With some batches of material a white solid separated from the concentrated butyl acetate on standing and was removed. This substance separated from aqueous acetone or ethanol in the form ofwhite crystals, m.p. 236°, and analysed as follows: C, 70-2; H, 9-0; C-CH3, 9-4; acetyl, 9.0 %. It was an acidic compound which was sparingly soluble in water and less soluble in acetone than the cephalosporins. When tested by the cylinder-plate method against Staph. aureus at pH 7-0 it showed no activity at a concentration of 1 mg./ ml.
Precipitation with light petroleum. To the concentrate (200 ml.) was added 21. of light petroleum (b.p. 100-120°) with stirring. A precipitate formed which contained 80 % of the active material but only 60 % of the total solids.
Precipitation with diisopropyl ether. The active precipitate was separated by centrifuging and dissolved in acetone (100 ml.). Diisopropyl ether (1 1.) was added with stirring to the acetone. An almost inactive precipitate formed which contained nearly 20 % of the total material. This was removedatthe centrifuge. About 97 % ofthe activematerial remained in solution.
Precipitation by concentration in diisopropyl ether-light petroleum. The crude cephalosporin in diisopropyl ether (1 1.) was mixed with an equal volume of light petroleum (b.p. 100-120°). An almost inactive precipitate was removed. The ratio oflight petroleum to diisopropyl ether was then increased by concentrating the solution in vacuo to 750 ml., when most ofthe cephalosporin P was precipitated. The precipitate at this stage contained about 50 % of the total activity in the culture fluid and was about half as active against Staph. aureu8 as pure cephalosporin P1.
Transfer between 8olvents. With some batches of material, containing large amounts of inactive material, further purification was carried out in the following manner before undertaking a counter-current distribution between solvents. If this were not done large volumes of solvent were necessary in the distribution to avoid the separation of the system into three phases.
The crude precipitate was dissolved in acetone (50 ml.),
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diisopropyl ether (1-3 1.) and hexane (900 ml.) were added, and the mixture was shaken twice with one-tenth of its volume of M-potassium phosphate, pH 7-0, the pH being kept constant by the addition of a few drops of conc. NaOH. About 85 % of the activity remained in the less polar phase. The aqueous phase, containing much inactive material, was rejected.
The solvent was removed from the less polar phase in vacuo, the residue dissolved in acetone (1100 ml.) and the solution mixed with an equal volume of M-potassium phosphate, pH 7-0. The acetone-phosphate buffer was shaken with 1/20 vol. of a mixture of hexane-diisopropyl ether (3:2). About 90 % of the activity remained in the aqueous acetone. The latter was concentrated in vacuo to 1500 ml., centrifuged clear, and acidified to pH 2-0, when the cephalosporin P was precipitated.
Counter-current distribution between 8olvents. The crude cephalosporin (11 g.) was subjected to fifteen transfers in a system composed of hexane-diisopropyl ether-acetone-0-5m-potassium phosphate, pH 6-0 (25:8:25:25, by vol.) . The transfers were carried out in separating funnels containing 240 ml. of each phase, and the lower phase was mobile. At the end of the experiment the active material in each lower phase was removed by three extractions with a mixture of ether (46 ml.) and light petroleum (b.p. 60-80°; 23 ml.) and the extracts were added to the corresponding upper phases. Samples of the resulting solutions were used to determine the amount of material in each tube. The samples (1-5 ml.) were placed in small weighed test tubes held in a metal block. The solvent was evaporated in a stream of dry air, the block being finally heated in a water bath to 800, and the tubes were then reweighed. The results of one experiment are shown in Fig. 1 .
Crystallization of cephalosporin P1. The main quantity of material in fractions 5-10 was recovered by evaporating the appropriate solutions in vacuo to dryness. The resulting white solid could be crystallized from aqueous methanol and after three crystallizations yielded pure cephalosporin P1, m.p. 1450 (4 g.).
Chromatography on Florisil. With some batches of culture fluid the most active material obtained from the countercurrent distribution did not yield crystalline cephalosporin P1. In these cases the material was purified further by chromatography on Florisil (magnesium silicate, provided by the Floridin Company, Warren, Pa., U.S.A.) or on alumina (pH 5). The active constituents of the various fractions were analysed by paper chromatography. The precise behaviour of the active material on the Florisil chromatograms varied with the loading of the column and the impurities present. The following is a typical experiment.
A solution of impure cephalosporin (1-44 g.) in diisopropyl ether was run on to a column of Florisil (100-200 mesh) 29 cm. long and 2 cm. in diameter. The chromatogram was developed with a series of solvents of increasing polarity and the eluate was collected in 100 ml. fractions, samples of which were used to determine activity and dry weight. Development with diisopropyl ether (300 ml.) resulted in the elution of inactive material (300 mg.). Further development with diethyl ether (750 ml.) removed most of the cephalosporin P1 and P2 (380 mg.) . Slightly less active material, containing cephalosporin P4, was then eluted with acetone (50 ml.), having moved down the column as a sharp yellow band. Finally, material containing cephalosporin P8 was eluted with acetone containing 1 % (by vol.) of water.
CEPHALOSPORINS
The major active fraction (380 mg.) was rechromatographed on a column of Florisil 20 cm. long and 1-7 cm. in diameter. Elution with diethyl ether (735 ml.) removed 125 mg. of inactive material. Subsequent elution with acetone (600 ml.) removed 132 mg. of almost homogeneous cephalosporin P1 containing a little cephalosporin P2.
A final elution with acetone containing1% of water by vol. removed 120 mg. of almost inactive material. Cephalosporin P1 was dissolved in diisopropyl ether (50 ml.) and the solution centrifuged from a small amount of cephalosporin P2. After evaporation of the ethereal solution the remaining cephalosporin P1 was crystallized from aqueous methanol.
The fraction from the first column which contained cephalopsorin P3 was rechromatographed, the same series of solvents as before being used for development. The cephalosporin P3was again eluted by aqueous acetone. On the other hand, when active material containing no cephalosporin P3 was rechromatographed no activity remained on the column at this stage.
The fraction containing cephalosporin P4 was concentrated to about 5 ml. Ether (20 ml.) was then added and the mixture allowed to stand at0°. Cephalosporin P4 separated in crystalline form and was recrystallized from aqueous methanol.
Paper chromatography. Chromatograms on Whatman no.1 paper (42 x 23 cm.) were carried out in large accumulator jars (42 cm. high), the tops of which (26 x 23 cm.) had been ground flat and sealed with glasslids. The jars carried a stainless steel trough supported on a stainless steel frame. Three systems were used for development: (1) ethanol-0-1 N-acetic acid-water (2-5:2-0:5.5, by vol.), (2) diisopropyl ether saturated with 0-1lM-potassium phosphate, pH 7-0, (3) amyl acetate saturated with 0-M-potassium phosphate, pH 7-0.
The paper was treated with M-potassium phosphate buffer, pH 7-0 before use with systems (2) and (3). After being dipped in the buffer solution it was pressed between sheets of filter paper and then driedin air.
Samples for analysis, containing 10-20 pg. of antibiotic in 5 p1. of acetone or dii8opropyl ether, were placed near the top of the paper sheet in a series of spots 2-5 cm. apart. The chromatograms were run for about 5 hr. at 240, after which the paper was dried in air. The paper was then cutinto strips, cm. wide, containing the material from the different samples, and the strips were placed for 30 min. on large plates of agar bulk-seeded with Staph. aureus (National , and the flask placed on a shaker at 37°. There was no visible growth in 6 hr., but heavy growth in 24 hr. Two drops of this culture were used to inoculate 10 ml. of broth in a second flask containing helvolic acid at a concentration of 50 ug./ml. There was heavy growth after overnight incubation. Assay plates were seeded with an appropriate dilution of this culture, and with a subculture obtained from it that had grown in normal broth. 
